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(54) Semiconductor device 

(57) A semiconductor device having a SOI structure 
in which an ESD resistance can be enhanced is 
obtained. The semiconductor device comprises PMOS 
transistors Q21 and Q22 which are brought into a for- 
ward bias state if a positive high voltage is applied as a 
surge voltage to a signal terminal 30, and NMOS tran- 
sistors Q1 1 and Q12 which are brought into the forward 



bias state if a negative high voltage is applied as the 
surge voltage to the signal terminal 30. Furthermore, if 
a normal operation signal is applied from the signal ter- 
minal 30, all the NMOS transistors Q11 and Q1 2 and 
the PMOS transistors Q21 and Q22 are brought into an 
OFF state. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present invention relates to a semiconduc- 
tor device having a MOS transistor formed on a SOI 
substrate, and more particularly to an input - output pro- 
tecting function thereof. 

Description of the Background Art 

[0002] In the case where a MOS device is formed on 
a bulk silicon substrate, a surge can be discharged into 
the substrate through a PN junction. In a SOI (Silicon - 
on - insulator) device in which the MOS device is formed 
on a SOI layer provided on a buried insulation layer, a 
path for transferring the surge does not structurally exist 
on the substrate because the buried insulation layer is 
formed. In particular, a longitudinal discharge path does 
not exist in a thin film SOI structure in which source and 
drain regions of a MOS transistor reach a buried oxide 
film. Consequently, it is structurally necessary to per- 
form a transverse discharge. For this reason, the dis- 
charge is transversely performed into a power line and 
a grounding line through the MOS transistor and a 
diode. 

[0003] Fig. 31 is a circuit diagram showing a structure 
of an input - output protecting circuit having a SOI struc- 
ture according to the prior art As shown in Fig. 31, one 
of ends of a resistor 36 (hereinafter referred to as a "pro- 
tecting resistor") for limiting a rush current is first con- 
nected to a signal terminal 30 to delay propagation of a 
surge voltage to an inside through the signal terminal 
30, thereby preventing an excessive current from flow- 
ing. Then, a PMOS transistor Q31 and an NMOS tran- 
sistor Q32 are provided in series as discharge elements 
for transferring electric charges between a power supply 
(node) 32 and a ground level (node) 33. The PMOS 
transistor Q31 and the NMOS transistor Q32 have gates 
connected to the power supply 32 and the ground level 
33, and drains connected to the other end of the protect- 
ing resistor 36 in common, respectively. Accordingly, the 
PMOS transistor Q31 and the NMOS transistor Q32 are 
usually brought into an OFF state. 
[0004] In the case where the surge voltage is applied 
to the signal terminal 30, the electric charges are 
quickly discharged into the power supply 32 or the 
ground level 33 by avalanche breakdown of each of the 
MOS transistors Q31 and Q32 to protect an interna! ele- 
ment 31. Furthermore, the other end of the protecting 
resistor 36 is connected to one of ends of an internal 
resistor 37, and the internal element 31 is connected to 
the other end of the internal resistor 37. Consequently, 
the surge voltage is propagated to the internal element 
31 with difficulty. 

[0005] Fig. 32 shows an input - output protecting cir- 



cuit formed by using diodes 38 and 39 as discharge ele- 
ments in the same manner. As shown in Fig. 32, one of 
ends of a protecting resistor 36 is first connected to a 
signal terminal 30 to delay propagation of a surge volt- 

5 age to an inside through the signal terminal 30, thereby 
preventing an excessive current from flowing. Then, the 
diodes 38 and 39 are provided in series as discharge 
elements for transferring electric charges between a 
power supply 32 and a ground level 33. A cathode of the 

10 diode 38 is connected to the power supply 32, and an 
anode of the diode 39 is connected to the ground level 
33. Accordingly, the diodes 38 and 39 are connected in 
reverse directions between the power supply 32 and the 
ground level 33. 

is [0006] If the surge voltage is applied to the signal ter- 
minal 30, the electric charges are quickly discharged 
into the power supply 32 or the ground level 33 by back- 
ward avalanche breakdown of the diodes 38 and 39 or 
a forwarcTcurrent, thereby protecting an internal ele- 

20 ment 31 . Furthermore, an internal resistor 37 is inserted 
between the protecting resistor 36 and the internal ele- 
ment 31 to propagate the surge voltage to the internal 
element 31 with difficulty. 

[0007] Fig. 33 shows an inverter circuit acting as one 

25 of typical internal circuits. As shown in Fig. 33, a PMOS 
transistor Q33 and an NMOS transistor Q34 are con- 
nected in series between a power supply 32 and a 
ground level 33. The PMOS transistor Q33 and the 
NMOS transistor Q34 have gates connected to an input 

30 signal terminal 82 in common, and drains connected to 
an output signal terminal 83 in common. 
[0008] In the case where the input - output protecting 
circuits having the structures shown in Figs 31 and 32 
are connected to the input signal terminal 82 (an input 

35 section of the internal circuit) for the internal circuit 
shown in Fig. 33, they function as input protecting cir- 
cuits. In the case where the same input - output protect- 
ing circuits are connected to the output signal terminal 
83 (an output section of the internal circuit), they func- 

40 tion as output protecting circuits. The function and oper- 
ation of the protecting circuit are the same in the input 
and output sections. Therefore, the protecting circuit will 
be hereinafter referred to as an Input - output protecting 
circuit". If the protecting circuit is used as the output pro- 

45 tecting circuit, no resistor is often added thereto. 

[0009] Fig. 34 is a plan view showing a planar struc- 
ture of the MOS input - output protecting circuit shown in 
Fig. 31 , and Fig. 35 is a sectional view taken along the 
line A - A shown in Fig. 34. As shown in Figs. 34 and 35, 

so a thin silicon film 3 acting as a SOI layer is provided on 
a silicon sgbstrate 1 with a buried oxide film 2 acting as 
an insulation layer interposed therebetween. The thin 
silicon film 3 is divided into two islands 18A and 18B by 
an interlayer dielectric film 11. Channel formation 

55 regions 6 and 6d into which an impurity having a con- 
centration of iabout 10 17 / cm 3 (p - type in NMOS and n - 
type in PMOS) is implanted are provided, drain and 
source regions 7 and 8 into which an impurity having a 
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concentration of about 1 0 20 / cm 3 , (n - type in NMOS and 
p - type in PMOS) is implanted are provided with the 
channel formation region 6 interposed therebetween, 
and drain and source regions 76 and 8d into which an 
impurity having a concentration of about 10 20 / cm 3 is 
implanted are provided with the channel formation 
region 6d interposed therebetween. Furthermore, gate 
electrodes 5 and 5d are formed on the channel forma- 
tion regions^ and 6d and a part of each of the drain 
regions 7 arid 76 and the source regions 8 and 8d in the 
thin silicon film 3 with gate oxide films 4 and 4d inter- 
posed therebetween, respectively. Accordingly, the 
NMOS transistor Q32 is formed by the gate oxide film 4, 
the gate electrode 5, the channel formation region 6, the 
drain region 7 and the source region 8 in the island 1 8A, 
and the PMOS transistor Q31 is formed by the gate 
oxide film 4d, the gate electrode 5d, the channel forma- 
tion region 6d, the drain region 7d and the source region 
8d in the island 18B. 

[0010] Furthermore, the intertayer dielectric film 11 
divides the "thin silicon film 3 into the islands 18A and 
18B and is formed over the whole surface of the thin sil- 
icon film 3. Contact holes 12A to 12D are provided on 
the interiayer dielectric film 11. in a part of each of the 
drain regions 7 and 7d and the source regions 8 and 8d. 
An aluminum wiring 14 is electrically connected to the 
drain regions 7 and 7d through the contact holes 12A 
and 12B, an aluminum wiring 13 is electrically con- 
nected to the source region 8 through the contact hole 
12C, and an aluminum wiring 15 is electrically con- 
nected to the source region 8d through the contact hole 
12D. The aluminum wiring 13 is connected to a ground 
level 33, the aluminum wiring 14 is connected to an 
input section 30d, and the aluminum wiring 15 is con- 
nected to a power supply 32. The input section 30d 
means a portion to be connected to the other end of the 
protecting resistor 36 as shown in Fig. 32. In Fig. 34, the 
interiayer dielectric film 1 1 is omitted. 
[0011] As shown in Fig. 34, the protecting resistor 36 
formed of a gate electrode material and a thin silicon 
film is provided between the signal terminal 30 and the 
PMOS transistor Q31 and NMOS transistor Q32 which 
act as discharge elements, and the internal resistor 37 
formed of the gate electrode material and the thin sili- 
con film is provided between the discharge elements 
Q31 and Q32 and the internal element 31. The protect- 
ing resistor 36 is usually resistant to a rush current flow- 
ing into the discharge elements Q31 and Q32. 
Therefore, a width of the protecting resistor 36 is made 
greater than that of the internal resistor 37, thus reduc- 
ing a current density. 

[0012] The gate electrode 5d of the PMOS transistor 
Q31 is connected to the power supply 32 by a gate 
potential fixing wiring 40. and the gate electrode 5 of the 
NMOS transistor Q32 is connected to the ground level 
33 by a gate potential fixing wiring 41 . The PMOS tran- 
sistor Q31 and the NMOS transistor Q32 are set into an 
OFF state, respectively. 



[001 3] The next operation will be described below with 
reference to Rgs ; 31 , 34 and 35. A surge generated by 
static electricity is sent through the signal terminal 30 
and is first delayed by the protecting resistor 36 to pre- 

5 vent a great rush current from flowing into the discharge 
elements Q31 and Q32. The surge propagated through 
the protecting resistor 36 is then discharged quickly into 
the power supply 32 or the ground level 33 through the 
discharge elements Q31 and Q32. The internal resistor 

w 37 does not function to cause the surge to flow in a 
direction of the internal element but in a direction of the 
discharge element The surge propagated through the 
protecting resistor 36 is applied to a discharge element 
section. If a positive surge voltage is applied, a junction 

is breaks down between the drain region 7 and the chan- 
nel formation region 6 of the NMOS transistor Q32 to 
emit the surge to the ground level 33. At the same time, 
the PMOS transistor Q31 is forward biased and the 
surge is emitted to the power supply 32 as well. If a neg- 

20 ative surge voltage is applied, a junction breaks down 
between the drain region 7d and the channel formation 
region 6d of the PMOS transistor Q31 to emit the surge 
to the power supply 32 and the NMOS transistor Q32 is 
forward biased to emit the surge. During normal opera- 

2s tion, the PMOS transistor 031 and the NMOS transistor 
032 are set in the OFF state. Therefore, an normal 
operation signal applied to the signal terminal 30 is 
propagated to the internal element 31 through the pro- 
tecting resistor 36 and the internal resistor 37. 

30 [0014] Fig. 36 is a sectional view showing a sectional 
structure of the diode type input - output protecting cir- 
cuit shown in Fig. 32. As shown in Fig. 36, a thin silicon 
film 3 is provided on a silicon substrate 1 with a buried 
oxide film 2 acting as an insulation layer interposed ther- 

35 ebetween. The thin silicon film 3 is divided into two 
islands 19A and 19B by an interiayer dielectric film 1 1 . 
An anode region 9B into which a p-type impurity having 
a concentration of about 10 17 / cm 3 is implanted, and a 
cathode region 1 0B into which an rvtype impurity having 

40 a concentration of about 10 17 / cm 3 is implanted are 
provided, respectively. An anode region 9A and a cath- 
ode region 10A are provided with the anode region 9B 
interposed therebetween. An anode region 9C and a 
cathode region 10C are provided with the cathode 

45 region 10B interposed therebetween. A p-type impurity 
having a concentration of about 10 20 / cm 3 is implanted 
into the anode regions 9A and 9C, and an n-type impu- 
rity having a concentration of about 10 20 ./ cm 3 is 
implanted into the cathode regions 10A and 10C. 

so [0015] Furthermore, an electrode 5 is formed on the 
anode region 9B and a part of the anode region 9A and 
the cathode region 10A in the thin silicon film 3 with an 
oxide film 4 interposed therebetween, and an electrode 
5d is formed on the cathode region 10B and. a part of 

55 the anode region 9C and the cathode region 10C in the 
thin silicon film 3 with an oxide film 4d interposed there- 
between. A diode 39 is formed by the anode regions 9A 
and 9B and the cathode region 10A. A diode 38 is 
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formed by the anode region 9C and the cathode regions 
10Band10C. 

[0016] A structure of a diode section is the same as 
that shown in Fig. 35. "The anode regions 9B and 9A and 
the cathode region 10A are replaced with the channel 
formation region 6, the source region 8 and the drain 
region 7, respectively. The cathode region 10B, the 
anode region 9C and the cathode region 10C are 
replaced with the channel formation region 6d, the drain 
region 7d and the source region 8d, respectively. While 
the electrodes 5 and 5d are used as masks during for- 
mation of the anode regions,9A and 9C and the cathode 
regions 10A and 10C, they do not function as compo- 
nents of the element. 

[001 71 The next operation of the input - output protect- 
ing circuit shown in Figs. 32 and 36 is the same as that 
of the input - output protecting circuit shown in Figs. 31 
and 35 except that emission is performed with break- 
down of a junction of the anode region 9B and the cath- 
ode region 10A of the diode 39 and breakdown of a 
junction of the anode region 9C and the cathcxie region 
10B of the diode 38. 

[0018] In the SOI structure, a thermal conductivity is 
poor due to existence of the buried oxide film 2, a tem- 
perature rise is great even if the same power as that of 
a bulk element formed on a bulk substrate is put into the 
discharge element (the temperature rise being about 
three times as much as that in the bulk substrate), and 
secondary breakdown (thermal runaway) is caused so 
that destruction is easily caused. Furthermore, a current 
flows ununiformly and concentrates on a part of the ele- 
ments. Consequently, a rapid temperature rise occurs in 
the element on which the current concentrates. Thus, 
only the same element causes the secondary break- 
down. As a result, an ESD (Electrostatic discharge) 
resistance of a whole device is deteriorated. 
[001 9] With the SOI structure, furthermore, quality of 
the thin silicon film 3 is not so good as that of the bulk 
substrate. Therefore, quality of the gate oxide film 4 
formed on the thin silicon film 3 is easily deteriorated so 
that the ESD resistance is degraded. The deterioration 
in the quality of the gate oxide film 4 is particularly 
remarkable in an active region boundary portion (an iso- 
lating end) of the thin silicon film 3 having a height differ- 
ence from the insulation layer 2. 

SUMMARY OF THE INVENTION 



[0020] A first aspect of the present invention is 
directed to a semiconductor device having an input - 
output protecting circuit section corresponding to a sig- 
nal node connected to a signal terminal, and an internal 
circuit connected to the signal node, which are formed 
on a SOI substrate, comprising a power supply node 
connected to a supply potential, and a reference poten- 
tial node connected to a reference potential, the input - 
output protecting circuit section including first and sec- 
ond discharge elements being provided between the 



power supply node and the signal node and having PN 
junctions and being reversely biased when a normal 
operation signal is applied to the signal terminal, the 
first discharge element being forward biased when a 
5 surge voltage having a first polarity is applied to the sig- 
nal terminal, the second discharge element being for- 
ward biased when a surge voltage having a second 
polarity is applied to the signal terminal, and third and 
fourth discharge elements being provided between the 
to signal node and the reference potential node and hav- 
ing PN junctions and being reversely biased when the 
normal operation signal is applied to the signal terminal, 
respectively, the third discharge element being forward 
biased when the surge voltage having the first polarity is 
is applied to the signal terminal, the fourth discharge ele- 
ment being forward biased when the surge voltage hav- 
ing the second polarity is applied to the signal terminal. 
[0021] A second aspect of the present invention is 
directed to the semiconductor device, wherein the first 
.20 and third discharge elements include first and third 
MOS transistors of a f irst conductivity type, the second 
and fourth discharge elements include second and 
fourth MOS transistors of a second conductivity type, 
the first and third MOS transistors have control elec- 
ts trades connected to the reference potential node 
respectively, and the second and fourth MOS transistors 
have control electrodes connected to the power supply 
node respectively. 

[0022] A third aspect of the present invention is 
30 directed to the semiconductor device, wherein the first 
discharge element is a MOS transistor of a first conduc- 
tivity type and has a control electrode connected to the 
reference potential node, the second and third dis- 
charge elements are diodes, and the fourth discharge 
35 element is a MOS transistor of a second conductivity 
type and has a control electrode connected to the power 
supply node. 

[0023] A fourth aspect of the present invention is 
directed to the semiconductor device, further compris- 
40 ing a first internal resistor inserted between the signal 
terminal and the signal node, and a second internal 
resistor inserted between the signal node and the inter- 
nal circuit. - 

[0024] A fifth aspect of the present invention is 
45 directed to a semiconductor device having an input - 
output protecting circuit section corresponding to a sig- 
nal node connected to a signal terminal, and an internal 
circuit connected to the signal node, which are formed 
on a SOI substrate, comprising a power supply node 
so connected to a supply potential, and a reference poten- 
tial node connected to a reference potential, the input - 
output protecting circuit section including a MOS tran- 
sistor of a predetermined conductivity type having a first 
electrode regions connected to the signal terminal and 
55 a second electrode region connected to a potential fix- 
ing node which is one of the power supply node and the 
reference potential node, a first capacitor inserted 
between the signal terminal and a gate electrode of the 
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MOS transistor, a second capacitor inserted between 
the potential fixing node and the gate electrode of the 
MOS transistor, and a pseudo MOS transistor section 
which has. as component sections, a pseudo gate elec- 
trode, a pseudo gate insulation film, and first, second 
and third diffusing regions corresponding to the gate 
electrode of the MOS transistor, a gate insulation film, a 
channel formation region, one of the first electrode 
regions and the second electrode region respectively, 
and does not function as a transistor, wherein the first 
capacitor includes a capacitor formed by a part of the 
gate electrode of the MOS transistor and a part of one 
of the first electrode regions with the gate insulation film 
interposed therebetween, wherein the second capacitor 
includes a capacitor in which the pseudo MOS transis- 
tor section is formed by using a part of the component 
sections, and wherein a capacity value of the second 
capacitor is set greater than that of the first capacrtor-iq 
such a manner that the MOS transistor is reversely 
biased when the normal operation signal is applied to 
the signal terminal, and is forward biased when a surge 
voltage having a first or second polarity is applied to the 
signal terminal. 

[0025] A sixth aspect of the present invention is 
directed to the semiconductor device, wherein the first 
and second diffusing regions have the same conductiv- 
ity type, the second diffusing region is connected to the 
potential fixing node, and the pseudo gate electrode is 
connected to the gate electrode of the MOS transistor in 
the pseudo MOS transistor section, and wherein the 
second capacitor includes a capacitor formed by the 
pseudo gate electrode and the first diffusing region with 
the pseudo gate insulation film interposed therebe- 
tween. 

[0026] A seventh aspect of the present invention is 
directed to the semiconductor device, wherein the first 
diffusing region has a conductivity type which is differ- 
ent from that of the second diffusing region, the second 
and third diffusing regions have the same conductivity 
type, the third diffusing region is connected to the poten- 
tial fixing node, and the pseudo gate electrode is con- 
nected to the gate electrode of the MOS transistor in the 
pseudo MOS transistor section, and wherein the sec- 
ond capacitor includes a capacitor formed by the 
pseudo gate electrode and the first diffusing region with 
the pseudo gate insulation film interposed therebe- 
tween. 

[0027] An eighth aspect of the present invention is 
directed to the semiconductor device, wherein the first 
diffusing region has a conductivity type which is differ- 
ent from that of the second diffusing region, the first and 
third diffusing regions have the same conductivity type, 
and the third diffusing region is connected to the poten- 
tial fixing node, and the second diffusing region is con- 
nected to the gate electrode of the MOS transistor in the 
pseudo MOS transistor section, and wherein the sec- 
ond capacitor includes a capacitor formed by a PN junc- 
tion of the first diffusing region and the second diffusing 



region. 

[0028] A ninth aspect of the present invention is 
directed to a semiconductor device comprising an input 
- output protecting circuit section, corresponding to a 

5 signal node connected to a signal terminal, formed by 
using a MOS transistor for input-output protection and 
an internal circuit section formed by using a MOS tran- 
sistor for an internal circuit for serving to perform a pre- 
determined signal processing on an inside, which are 

10 formed on a SOI substrate, wherein the MOS transistor 
for input - output protection has a structure in which 
punch through is caused more easily than in the MOS 
transistor for an internal circuit 
[0029] A tenth aspect of the present invention is 

is directed to the semiconductor device, wherein an impu- 
rity concentration of a channel formation region of the 
MOS transistor for input - output protection is set lower 
than that of a channel formation region of the MOS tran- 
sistor for an internal circuit 

20 [0030] An eleventh aspect of the present invention is 
directed to the semiconductor device, wherein a con- 
ductivity type of a channel formation region of the MOS 
transistor for input - output protection is set identical to 
that of each of a drain region and a source region 

25 thereof, and a conductivity type of a channel formation 
region of the MOS transistor for an internal circuit is set 
different from that of each of a drain region and a source 
region thereof. 

[0031] A twelfth aspect of the present invention is 

30 directed to the semiconductor device, wherein the MOS 
transistor for input - output protection and the MOS tran- 
sistor for an internal circuit have the same conductivity 
type, and a conductivity type of a gate electrode of the 
MOS transistor for input • output protection is made dif- 

35 ferent from that of a gate electrode of the MOS transis- 
tor for an internal circuit to set a threshold voltage of the 
MOS transistor for input - output protection almost equal 
to that of the MOS transistor for an internal circuit 
[0032] A thirteenth aspect of the present invention is 

40 directed to a semiconductor device comprising an input 
• output protecting circuit section formed on a SOI sub- 
strate and having first and second diodes connected to 
a signal terminal, the input - output protecting circuit 
section including a first semiconductor region of a first 

45 conductivity type, a second semiconductor region of a 
second conductivity type formed adjacently to the first 
semiconductor region, a third semiconductor region of 
the first conductivity type formed independent of the first 
and second semiconductor regions, a fourth semicon- 

so ductor region of the second conductivity type formed 
adjacently to the third semiconductor region, first, to 
• fourth silicide regions which are selectively formed on 
surfaces of the first to fourth semiconductor regions, 
respectively, an interlayer dielectric film formed by cov- 

55 ering the first to fourth semiconductor regions including 
the first to fourth silicide regions, a first wiring layer con- 
nected to a reference potential and formed on the first 
silicide region through the interlayer dielectric film, a 



5 



9 



EP 0 923 132 A1 



10 



second wiring layer connected to the signal terminal 
and formed on the second and third silicide regions 
through the interlayer dielectric film, and a third wiring 
layer connected to a power supply and formed on the 
fourth silicide region through the interlayer dielectric 
film, wherein the first diode is formed by the first and 
second semiconductor regions, and the second diode is 
formed by the third and fourth semiconductor regions. 
[0033] A fourteenth aspect of the present invention is 
directed to a semiconductor device comprising an input 

- output protecting circuit section having a MOS transis- 
tor for input - output protection formed on an active 
region provided like an island on a SOI substrate, 
wherein a gate electrode of the MOS transistor for input 

- output protection is formed within the active region on 
a plane. 

[0034] According to the first aspect of the present 
invention, the input - output protecting circuit includes 
the first to fourth discharge elements having PN junc- 
tions, each of which is provided between the power sup- 
ply node or reference potential node and the signal 
terminal, is reversely biased when the normal operation 
signal is applied to the signal terminal and is forward 
biased when the voltage having the first or second 
polarity is applied to the signal terminal. 
[0035] Accordingly, when the surge voltage having the 
first polarity is applied from the signal terminal, the first 
and third discharge elements in a forward bias state can 
cause the power supply node and the reference poten- 
tial node to discharge a high surge voltage respectively. 
When the surge voltage having the second polarity is 
applied from the signal terminal, the second and fourth 
discharge elements in the forward bias state can cause 
the power supply node and. the reference potential node 
to discharge the surge voltage respectively. 
[0036] As a result, there are two discharge elements 
for discharging any surge voltage in the forward bias 
state into the power supply node and the reference 
potential node, respectively. Therefore, an input - output 
protecting circuit having an excellent ESD resistance 
can be obtained. 

[0037] All the PN junctions of the first to fourth dis- 
charge elements are brought into a reverse bias state 
when the normal operation signal is applied to the sig- 
nal terminal. Therefore, the normal operation signal 
does not leak to the power supply node or the grounding 
line through the first to fourth discharge elements, and 
normal operation of the internal circuit is not affected by 
the input - output protecting circuit. 
[0038] According to the second aspect of the present 
invention, the input - output protecting circuit is formed 
by the first and third MOS transistors of the first conduc- 
tivity type and the second and fourth MOS transistors of 
the second conductivity type. Two transistors whose 
conductivity types are different from each other are 
used, respectively. Therefore, the input - output protect- 
ing circuit can easily be manufactured. 
[0039] According to the third aspect of the present 



invention, the input - output protecting circuit is formed 
by the first transistor of the first conductivity type, the 
second transistor of the second conductivity type, and 
the first and second diodes. Consequently, the transis- 

5 tors whose conductivity types are different from each 
other are used one by one. Therefore, the input - output 
protecting circuit can easily be manufactured. 
[0040] According to the fourth aspect of the present 
invention, the first internal resistor is inserted between 

w the signal terminal and the signal node, and the second 
internal resistor is inserted between the signal node and 
the internal circuit. Consequently, if the surge voltage 
having the first or second polarity is applied to the signal 
terminal, propagation delay is caused by the first inter- 

15 nal resistor and propagation to the internal circuit is pre- 
vented by the second internal resistor, thus protecting 
the internal circuit. 

[0041] According to the fifth aspect of the present 
invention, the gate electrode of the MOS transistor of 

20 the input - output protecting circuit is connected to the 
signal terminal and the potential f ixing node through the 
first and second capacitors. The capacity value of the 
second capacitor is set greater than that of the first 
capacitor so as to meet the conditions for setting the 

25 capacity value in which the MOS transistor is brought 
into a reverse bias state if the normal operation signal is 
applied to the signal terminal and it is brought into a for- 
ward bias state if the surge voltage having the first or 
second polarity is applied to the signal terminal. 

30 [0042] Accordingly, when the surge voltage having the 
first or second polarity is applied from the signal termi- 
nal, it can be discharged into the potential fixing node by 
the MOS transistor set in the forward bias state. Conse- 
quently, the input - output protecting circuit having an 

35 excellent ESD characteristic can be obtained. 

[0043] According to the sixth aspect of the present 
invention, the second capacitor of the input - output pro- 
tecting circuit is formed by the pseudo gate electrode 
and the first diffusing region with the pseudo gate insu- 

40 lation film of the pseudo MOS transistor interposed ther- 
ebetween. Consequently, the second capacitor can 
have the capacity value which is greater than that of the 
f irst capacitor formed by a part of the gate electrode and 
a part of the first electrode regions of the MOS transistor 

45 with the gate insulation film interposed therebetween 
and meets the conditions for setting the capacity value. 
[0044] According to the seventh aspect of the present 
invention, the second capacitor of the input - output pro- 
tecting circuit is formed by the pseudo gate electrode 
so and the first diffusing region with the pseudo gate insu- 
lation film of the pseudo MOS transistor interposed ther- 
ebetween. Consequently, when an inversion 
phenomenon is generated in the first diffusing region, 
the second capacitor can have the capacity value which 
55 is much greater than that of the first capacitor and 
meets the conditions for setting the capacity value. 
[0045] According to the eighth aspect of the present 
invention, the second capacitor of the input - output pro- 
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tecting circuit is formed by the PN junction of the f irst dif- 
fusing region and the second diffusing region. 
Consequently, the second capacitor can have the 
capacity value which is much greater than that of the 
first capacitor and meets the conditions for setting the 
capacity value. 

[0046] According to the ninth aspect of the present 
invention, the MOS transistor for input - output protec- 
tion has a structure in which punch through is caused 
more easily than in the MOS transistor for an internal 
circuit Consequently, the surge voltage can be dis- 
charged through the MOS transistor for input - output 
protection which is brought into a punch through phe- 
nomenon. Thus, the ESD resistance of the input - out- 
put protecting circuit can be enhanced. 
[0047] According to the tenth aspect of the present 
invention, the impurity concentration of the channel for- 
mation region of the MOS transistor for input - output 
protection is set lower than that of the channel formation 
region of the MOS transistor for an internal circuit. Con- 
sequently, the MOS transistor for input - output protec- 
tion can cause the punch through more easily than the 
MOS transistor for an internal circuit. 
[0048] According to the eleventh aspect of the present 
invention, the conductivity type of the channel formation 
region of the MOS transistor for input - output protection 
is set identical to that of each of the drain and source 
regions thereof. Consequently, the MOS transistor for 
input -.output protection can cause the punch through 
more easily than the MOS transistor for an internal cir- 
cuit. 

[0049] According to the twelfth aspect of the present 
invention, the conductivity type of the gate electrode of 
the MOS transistor for input - output protection is made 
different from that of the gate electrode of the MOS tran- 
sistor for an internal circuit so that the threshold voltage 
of the MOS transistor for input - output protection is set 
almost equal to that of the MOS transistor for an internal 
circuit Therefore, the MOS transistor for input - output 
protection can have a structure in which the punch 
through is caused more easily than in the MOS transis- 
tor for an internal circuit without making a difference in 
the threshold voltage between the MOS transistor for 
input - output protection and the MOS transistor for an 
internal circuit. 

[0050] According to the thirteenth aspect of the 
present invention, the input - output protecting circuit is 
formed by the first diode comprising the first and second 
semiconductor regions and the second diode compris- 
ing the third and fourth semiconductor regions which 
are provided on the SOI substrate. 
[0051] A region which causes a deterioration in the 
ESD resistance is not formed on the periphery of the 
first to fourth semiconductor regions. Therefore; the 
input - output protecting circuit having an excellent ESD 
resistance can be obtained. The first to fourth semicon- 
ductor regions are connected to the first to third wiring 
layers through the first to fourth silicide regions. Conse- 



quently, a contact resistance with the first to third wiring 
layers can be reduced. 

[0052] According to the fourteenth aspect of the 
present invention, the gate electrode of the MOS tran- 

s sistor for input - output protection is formed in the active 
region on a plane. Consequently, the gate electrode is 
not formed on the end of the active region provided like 
an island so that the ESD resistance can correspond- 
ingly be enhanced. , 

io [0053] In order to solve the above-mentioned prob- 
lems, it is an object of the present invention to provide a 
semiconductor device having a SOI structure in which 
an ESD resistance can be enhanced. 
[0054] These and other objects, features, aspects and 

is advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

so BRIEF DESCRIPTION OF THE DRAWINGS 

[0055] 

Rgure 1 is a circuit diagram showing a structure of 
25 an input - output protecting circuit of a semiconduc- 
tor device according to a first embodiment of the 
present invention; 

Rgure 2 is a circuit diagram showing another struc- 
ture of the input - output protecting circuit of the 
30 semiconductor device according to the first embod- 
iment of the present invention; 
Rgure 3 is a circuit cfiagram showing an NMOS 
transistor having a gate coupling sectional struc- 
ture; 

35 Figure 4 is a graph showing a discharge character- 
istic of the NMOS transistor in Figure 3; 
Rgure 5 is a sectional view showing a sectional 
structure of an input - output protecting circuit of a 
semiconductor device according to a first mode of a 

40 second embodiment of the present invention; 

Rgure 6 is a sectional view showing a sectional 
structure according to a second mode of the sec- 
ond embodiment, 

Rgure 7 t§ a sectional view showing a sectional 
45 structure according to a third mode of the second 
embodiment; 

Rgure 8 is a sectional view showing a sectional 
structure of an input - output protecting circuit of a 
semiconductor device according to a first mode of a 
so third embodiment of the present invention; 

Rgure 9 is a sectional view showing a sectional 
structure according to a second mode of the third 
embodiment; 

Rgure 10 is a sectional view showing a sectional 
55 structure of an input - output protecting circuit of a 
semiconductor device according to a fourth embod- 
iment of the present invention;; 
Rgure 1 1 is a plan view showing a planar structure 



7 



13 



EP 0 923 132 A1 



14 



according to the fourth embodiment in Figure 10; 
Figure 12 is a plan view for explaining a principle of 
a f ifth embodiment; 

Figure 13 is a sectional view for explaining the prin- 
ciple of the fifth embodiment; 
Figure 14 is a plan view showing a planar structure 
of an input - output protecting circuit of a semicon- 
ductor device according to a first mode of the fifth 
embodiment of the present invention; 
Figure 15 is a plan view showing a planar structure 
according to a second mode of the fifth embodi- 
ment; 

Figure 16 is a plan view showing a planar structure 
according to a third mode of the fifth embodiment; 
Figure 17 is a plan view showing a planar structure 
according to a fourth mode of the fifth embodiment; 
Figure 18 is a sectional view showing a SOI sec- 
tional structure; 

Figure 19 is a graph showing a discharge charac- 
teristic of an NMOS transistor which is reverse bias 
connected; 

Figure 20 is a circuit diagram showing the NMOS 
transistor which is reverse bias connected; 
Figure 21 is a plan view showing a planar structure 
of a MOS transistor in which thermal runaway 
destruction occurs; 

Figure 22 is a plan view showing a planar structure 
in which a plurality of NMOS transistors are con- 
nected in parallel between an input and a ground; 
Figure 23 is a circuit diagram showing a circuit 
structure in Figure 22; 

Figure 24 is a circuit diagram showing an NMOS 
transistor which is forward bias connected; 
Figure 25 is a graph showing a discharge charac- 
teristic of the NMOS transistor which is forward bias 
connected; 

Figure 26 is a circuit diagram showing a structure in 
which forward bias connection is performed by 
using a plurality of NMOS transistors; 
Figure 27 is a circuit diagram showing a diode 
which is reverse bias connected; 
Figure 28 is a graph showing a discharge charac- 
teristic of the diode which is reverse bias con- 
nected; 

Figure 29 is a circuit diagram showing a diode 
which is forward bias connected; 
Figure 30 is a graph showing a discharge charac- 
teristic of the diode which is forward bias con- 
nected; 

Figure 31 is a circuit diagram showing a structure of 
an input - output protecting circuit according to the 
prior art; 

Figure 32 is a circuit diagram showing a structure of 
the input - oulput protecting circuit according to the 
prior art; 

Figure 33 is a circuit diagram showing an example 
of an internal element; 

Figure 34 is a plan view showing a planar structure 



of a part of the input - output protecting circuit in 
Figure 31; 

Figure 35 is a sectional view showing a sectional 
structure of the part of the input - output protecting 
5 . circuit in Figure 31; and 

Figure 36 is a sectional view showing a sectional 
structure of a part of the input - output protecting 
circuit in Figure 32. 

w DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

( (First Embodiment) ) 

is (Principle) 

[0056] Rg. 1 8 is a sectional view showing a SOI struc- 
ture. As shown in Fig. 1 8, a buried oxide f ilm 2 is formed 
on a silicon substrate 1, and a thin silicon film 3 is 

20 formed on the buried oxide film 2. Thus, a structure 
comprising the silicon substrate 1 , the buried oxide film 
2 and the thin silicon film 3 is referred to as a SOI sub- 
strate. A gate oxide film 4 is selectively formed on the 
thin silicon film 3. A gate electrode 5 is formed on the 

25 gate oxide film 4. The thin silicon film 3 provided under 
the gate oxide film 4 acts as a channel formation region 
6. Regions in the thin silicon film 3 which are adjacent to 
the channel formation region 6 act as drain and source 
regions 7 and 8. 

30 [0057] With such a SOI structure, the buried oxide f Dm 
2 having a poor thermal conductivity (which is about 1 / 
10 as much as that of silicon) is provided as described 
above. For this reason, heat generated when a surge 
voltage is applied is stored so that permanent destruc- 

35 tion of a semiconductor device formed on the SOI sub- 
strate is easily caused by thermal runaway. 
[0058] Rg. 19 is a graph showing a discharge charac- 
teristic of an NMOS transistor which is obtained at the 
time of reverse bias connection. The graph of Rg. 19 

40 indicates details of the thermal runaway caused at the 
time of the reverse bias connection, for example, when 
an input voltage IN (a surge voltage SV) is applied to a 
drain of an NMOS transistor Q1 having a source and a 
gate grounded as shown in Fig. 20. A process of the 

45 thermal runaway shown in Fig. 1 9 includes partial proc- 
esses P1 to P5. 

[0059] When a positive surge voltage SV which is 
much greater than an ordinary voltage is applied to the 
drain of the NMOS transistor Q1 shown in Rg. 20, a 

so drain voltage is quickly raised (P1). Since the NMOS 
transistor Q1 is reversely biased during the partial proc- 
ess P1, a current hardly flows. When a breakdown 
induced voltage is reached, the NMOS transistor Q1 
causes avalanche breakdown to perform parasitic bipd- 

55 lar operation. Consequently, the' drain voltage is 
dropped up to a holding voltage (P2). Then, the drain 
voltage is raised again with an internal resistance of the 
NMOS transistor Q1 (P3). When a thermal breakdown 
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voltage is reached, a silicon portion forming a part of the 
NMOS transistor Q1 is brought into a fusing state so 
that a resistance value between a source and a drain is 
rapidly reduced so that the voltage is dropped (P4). As 
a result, a current concientrates on the NMOS transistor 
Q1 having a resistance reduced between the source 
and the drain, that is, positive feedback is caused (P§jl 
Consequently, the NMOS transistor Q1 completely 
breaks down. For example, a large defective portion 10 
is generated on the gate electrode 5 (or the channel for- 
mation region 6) by thermal breakdown as shown in Fig. 

21 . Thus, transistor operation cannot be performed. 
[0060] In the case where NMOS transistors are usu- 
ally reversely biased as an input - output protecting cir- 
cuit on the SOI substrate, NMOS transistors having a 
channel width W are connected in parallel between an 
input (voltage) IN and a ground level as shown in Fig. 

22. In an example of Fig. 22, six NMOS transistors T1:to 
T6 having gates grounded are provided in parallel 
between the input IN and the ground level as shown ih 
Fig. 23. The NMOS transistor T1 is formed by a gate 
electrode 51 , a drain region 61 and a source region 71 . 
The NMOS transistor T2 is formed by a gate electrode 
52, the drain region 61 and a source region 72. The 
NMOS transistor T3 is formed by a gate electrode 53, a 
drain region 62 and the source region 72. The NMOS 
transistor T4 is formed by a gate electrode 54, the drain 
region 62 and a source region 73. The NMOS transistor 
T5 is formed by a gate electrode 55, a drain region 63 
and the source region 73. The NMOS transistor T6 is 
formed by a gate electrode 56, the drain region 63 and 
a source region 74. A surge voltage is applied from a 
signal terminal 30. 

[0061] Thus, the six NMOS transistors T1 to T6 are 
provided as the input - output protecting circuit on the 
SOI substrate in parallel between the input IN and the 
ground level. Consequently, in the case where a current 
flows between the input IN and the ground level, it splits 
and flows into the six NMOS transistors T1 to T6. 
[0062] However, if one of the NMOS transistors T1 to 
T6 gets an avalanche breakdown voltage, a resistance 
between a source and a drain of the same transistor is 
reduced. Consequently, a current concentrates on the 
transistor which has caused avalanche breakdown. 
Thus, it is impossible to prevent the same transistor 
from getting a thermal breakdown voltage for thermal 
breakdown. 

[0063] Fig. 25 is a graph showing a discharge charac- 
teristic of an NMOS transistor which is obtained at the 
time of forward bias connection. The graph of Fig. 25 
indicates details of the thermal runaway caused at the 
time of the forward bias connection, for example, when 
an input voltage IN (a surge voltage SV) is applied to a 
drain and a gate of an NMOS transistor Q2 having a 
source grounded as shown in Fig. 24. 
[0064] Fig. 25 is a graph showing the discharge char- 
acteristic of the NMOS transistor which is obtained at 
the time of the forward bias connection in Fig. 24. £s 



shown in Fig. 25, a snap back phenomenon in which a 
drain voltage is dropped when a breakdown induced 
voltage is reached is not caused at the time of the for- 
ward bias connection. As shown in Rg. 26, accordingly, 

5 a plurality of NMOS transistors T1 1 to T16 provided in 
parallel between an input IN and a ground level cause 
avalanche breakdown almost uniformly with application . 
of the surge voltage SV, and are brought into a thermal 
runaway state in the same manner as the reverse bias 

ro connection when a thermal breakdown voltage is 
reached by further application of the surge voltage SV. 
[0065] When a part of the NMOS transistors con- 
nected in parallel as shown in Fig. 26 causes the ava- 
lanche breakdown, the drain voltage is raised so that 

15 the other transistors also cause the avalanche break- 
down. As a result all the transistors cause the ava- 
.. lanche breakdown and a current uniformly flows into all 
the transistors. Consequently, thermal breakdown is 
caused at a thermal breakdown voltage which is higher 

20 than the breakdown induced voltage. 

[0066] Thus, a phenomenon in which a current con- 
centrates on a part of the transistors that have caused 
the avalanche breakdown does not occur at the time of 
the forward bias connection differently from the time of 

25 the reverse bias connection. Consequently, a compara- 
tively excellent ESD resistance can be obtained. 
[0067] Fig. 28 is a graph showing a discharge charac- 
teristic of a diode which is obtained at the time of the 
reverse bias connection. The graph of Fig. 28 indicates 

30 details of thermal runaway obtained at the time of the 
reverse bias connection, for example, when the surge 
voltage SV is applied to a cathode of a diode D1 having 
an anode grounded as shown in Fig. 27. 
[0068] The diode does not perform parasitic bipolar 

35 operation. Therefore, a voltage is successively raised 
after the avalanche breakdown, resulting in thermal 
breakdown. A thermal breakdown voltage which is 
higher than a breakdown induced voltage is effective in 
prevention of current concentration in the same manner 

40 as in the NMOS transistors which are forward bias con- 
nected. However, the breakdown induced voltage itself 
of the diode is high (which is about twice or three times 
as much as that , of the MOS transistor). Therefore, 
power dissipation represented by a product of a voltage 

45. and a current is increased (that is, heat is also 
increased). As a result, the ESD resistance is deterio- 
rated. If a junction breakdown voltage of the diode is 
dropped by a high concentration junction or the like, the 
breakdown induced voltage can be dropped. Conse- 

50 quently, the ESD resistance can be improved. 

[0069] Fig. 30 is a graph showing a discharge charac- 
, teristic of the diode which is obtained at the time of for- 
ward bias connection. The graph of Rg. 30 indicates 
details of thermal runaway caused at the time of the for- 

55 ward bias connection, for example, when a surge volt- 
age SV is applied to an anode of a diode D2 having a 
cathode grounded as shown in Fig. 29. 
[0070] Forward connection of the diode can discharge 
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a great current at a low voltage. Therefore, a desired 
discharge characteristic for the ESD resistance can be 
obtained. As shown in Fig. 30, the avalanche break* 
down is caused with an increase in a voltage. In the 
same manner as in other elements, when a thermal 
breakdown voltage is reached, permanent destruction 
of the element i^ caused by the thermal runaway. 
[0071] As described above, even if any of a transistor 
and a diode is used, nonuniformity of a current can be 
prevented more easily and the ESD resistance can be 
enhanced more when the forward connection is utilized. 

(Structure and Operation of First Mode ) 

[0072] Fig. 1 is a circuit diagram showing a structure 
of an input - output protecting circuit according to a first 
mode of a first embodiment of the present invention. As 
shown in Fig. 1 , a signal terminal 30 is connected to one 
of ends of a protecting resistor 36, the other end of the 
protecting resistor 36 is connected to one of ends of an 
internal resistor 37 through a signal line (signal node) 
81 , and the other end of the internal resistor 37 is con- 
nected to an internal element 31 . 
[0073] Between a power supply 32 and a ground level 
33, NMOS transistors Q11 and Q12 are connected in 
series and PMOS transistors Q21 and Q22 are con- 
nected in series. The NMOS transistor Q1 1 has a gate 
connected to the ground level 33, a drain connected to 
the power supply 32, and a source connected to the 
other end of the protecting resistor 36 (one of ends of 
the internal resistor 37). The NMOS transistor Q12 has 
a gate and a source connected to the ground level 33, 
and a drain connected to the source of the NMOS tran- 
sistor Q1 1. The PMOS transistor Q21 has a gate and a 
source connected to the power supply 32, and a drain 
connected to the other end of the protecting resistor 36. 
The PMOS transistor Q22 has a gate connected to the 
power supply 32, a source connected to the other end of 
the protecting resistor 36, and a drain connected to the 
ground level 33. The NMOS transistors Q1 1 and Q12 
and the PMOS transistors Q21 and Q22 may be formed 
by parallel connection of a plurality of MOS transistors 
as shown in Figs. 23 and 26. 
[0074] With such a structure, if a positive surge volt- 
age is applied to the signal terminal 30, a voltage which 
is greater than a voltage obtained by adding threshold 
voltages of the PMOS transistors Q21 and Q22 to a 
supply voltage is appiied to the signal terminal 30. Con- 
sequently, the surge voltage can be discharged into the 
power supply 32 and the ground level 33 through the 
PMOS transistors Q21 and Q22 which are brought into 
a forward bias state for the signal terminal 30, respec- 
tively. 

[0075] On the other hand, if a negative surge voltage 
is applied to the signal terminal 30, a voltage which is 
smaller than a voltage obtained by subtracting threshold 
voltages of the NMOS transistors Q11 and Q12 from a 
ground level is applied to the signal terminal 30. Conse- 



quently, the surge voltage can be discharged into the 
power supply 32 and the ground level 33 through the 
NMOS transistors Q1 1 and Q12 which are brought into 
the forward bias state for the signal terminal 30, respec- 
5 tively. 

[0076] During normal operation, a normal operation 
signal applied to the signal terminal 30 mainly has a 
voltage ranging from a ground level to a supply level. 
Therefore, all the NMOS transistors Q11 and.Q12 and 

10 the . PMOS transistors Q21 and Q22 are reversely 
biased and brought into an OFF state. The normal oper- 
ation signal is sent to the internal element 31 through 
the protecting resistor 36 and the internal resistor 37 
without a leakage to the power supply 32 or the ground 

is level 33 through the MOS transistor Q1 1 , Q12, Q21 or 
Q22. In particular, if the voltage of the normal operation 
signal is limited to the range from the ground level to the 
power level, the NMOS transistors Q11 and Q12 and 
the PMOS transistors Q21 and 022 are surely turned 

20 Off . 

[0077] Thus, even if any of the positive and negative 
surge voltages is applied to the input - output protecting 
circuit according to the first mode of the first embodi- 
ment either of the NMOS transistors Q1 1 and Q12 and 

25 the PMOS transistors Q21 and 022 are always brought 
into the forward bias state for the surge voltage. Conse- 
quently, it is possible to obtain an input - output protect- 
ing circuit having an excellent ESD resistance. 
[0078] The NMOS transistors Q1 1 and Q12 and the 

30 PMOS transistors 021 and 022 are connected so as to 
be brought into a reverse bias state when the normal 
operation signal is input to the signal terminal 30. 
Therefore, the normal operation is not affected. 
[0079] The input -output protecting circuit uses two P- 

35 channel MOS transistors and two N-channel MOS tran- 
sistors. As shown in Fig. 33, CMOS inverters including 
PMOS and NMOS transistors are often formed as the 
internal element 31. By changing structures of two 
CMOS inverters a IHtle, the input - output protecting cir- 

40 cuit according to the first mode of the first embodiment 
can easily be manufactured. 

(Structure and Operation of Second Mode > 

45 [0080] As the second mode, the following structure 
may be used. More specifically, the NMOS transistor 
Q12 and the PMOS transistor 021 are replaced with 
diodes D11 and D1 2. a cathode of the diode D11 is con- 
nected to the other end of the protecting resistor 36 and 

so an anode of the diode D1 1 is connected to the ground 
level 33, and an anode of the diode D12 is connected to 
the signal line 81 and a cathode of the diode D1 2 is con- 
nected to the power supply 32 as shown in Rg. 2. 
[0081] In the second mode, when a positive surge 

55 voltage is applied to the signal terminal 30, it can be dis- 
charged into the power supply 32 and the ground level 
33 through the diode D1 2 and the PMOS transistor 022 
in the forward bias state for the signal terminal 30. 
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[0082] On the other hand, when a negative surge volt- 
age is applied to the signal terminal 30, it can be dis- 
charged into the power supply 32 and the ground level 
33 through the NMOS transistor Q1 1 and the diode D1 1 
in the forward bias state tor the signal terminal 30. 
[0083] Thus, if the positive or negative surge voltage 
is applied to the input - output protecting circuit accord- 
ing to the second mode of the first embodiment, either 
of the NMOS transistor Q11 and diode D11 and the 
diode D12 and PMOS transistor Q22 are always 
brought into the forward bias state for the surge voltage. 
Consequently, it is possible to obtain an input - output 
protecting circuit having an excellent ESD resistance. 
[0084] The NMOS transistor Q1 1 , the diodes D1 1 and 
D1 2 and the PMOS transistor Q22 are connected so as 
to be always brought into an OFF state when the normal 
operation signal is input to the signal terminal 30. 
Therefore, the normal operation is not affected. 
[0085] According to the second mode, furthermore, 
MOS transistors of a conductivity type are used one by 
one with balance kept Therefore, manufacture can be 
performed comparatively easily in the same manner as 
in the first mode. 

(6econd Embodiment >> . 

(Principle) 

[0086] Rg. 3 is a circuit diagram showing a gate cou- 
pling structure of a reverse bias of a transistor. As 
shown in Fig. 3, a gate of an NMOS transistor Q3 which 
is reverse bias connected for an input signal IN (a surge 
voltage SV) receives the input signal IN through a 
capacitor C1, and is connected to a ground level 33 
through a capacitor C2. In the gate coupling structure, 
the gate of the NMOS transistor Q3 is brought into an 
electrical f bating state by the capacitors C1 and C2. For 
example, such a gate coupling structure has been 
reported as one of methods enhancing an ESD resist- 
ance to IEEE lRPS 1992 p.141. 
[0087] With such a gate coupling structure, if the input 
signal IN has an ordinary operating voltage, a rise in a 
gate potential of the NMOS transistor Q3 is suppressed 
by coupling of the capacitors C1 and C2. Therefore, the 
NMOS transistor Q3 is brought into an OFF state. 
[0088] When a positive surge voltage SV is applied, 
the gate potential of the NMOS transistor Q3 is raised 
so that a current is caused to flow. Therefore, the NMOS 
transistor Q3 can approach a forward, bias connection 
state/Consequently, a breakdown induced voltage can 
be set lower than a thermal breakdown voltage as 
shown in a graph representing a discharge characteris- 
tic in Fig. 4. In the same manner as in forward bias con- 
nection, also in the case where a plurality of NMOS 
transistors Q3 having the gate coupling structure shown 
in Rg. 3 are connected in parallel between the input sig : 
nal IN and the ground level 33, a current can be caused 
to flow uniformly and the ESD resistance can be 



enhanced. In the second embodiment such a gate cou- 
pling structure is efficiently formed on a SOI substrate. 

(Structure arid Operation of First Mode) 

5 

[0089] Rg. 5 is a sectional view showing a structure of 
an input - output protecting circuit according to a first 
mode of the second embodiment of the present inven- 
tion. As shown in Rg. 5, a thin silicon film 3 acting as a 

to SOI layer is provided on a silicon substrate 1 with a bur- 
ied oxide film 2 acting as an insulation layer interposed 
therebetween. The thin silicon film 3 is divided into two 
islands 20A and 20B by an interlayer dielectric film 1 1 . 
In the island 20A, a channel formation region 6 into 

is which a p-type impurity having a concentration of about 
10 17 / cm 3 is implanted is provided, and drain and 
source regions 7 and 8 into which an n-type impurity 
having a concentration of about 10 20 / cm 3 is implanted 
are provided with the channel formation region 6 inter- 

20 posed therebetween. In the island 20B, a p-type diffus- 
ing region 21 into which a p-type impurity having a 
concentration of about 10 15 to 10 17 / cm 3 is implanted is 
provided, and p-type diffusing regions 22 and 23 into 
which a p-type impurity having a concentration of about 

25 10 20 /cm 3 is implanted are provided with the p-type dif- 
fusing region 21 interposed therebetween. 
[0090] Furthermore, a gate electrode 5 is formed on 
the channel formation region 6 and a part of the drain 
and source regions 7 and 8 in the thin silicon f ilm 3 of 

30 the island 20A with a gate oxide film 4 interposed there- 
between. On the other hand, a gate electrode 5d is 
formed on the p-type diffusing region 21 and a part of 
the p-type diffusing regions 22 and 23 in the thin silicon 
film 3 of the island 20B with a gate oxide film 4d inter- 

35 posed therebetween. 

[0091] In addition, the interlayer dielectric film 11 
divides the thin silicon film 3 into the islands 20A and 
20B and is formed over the whole surface of the thin sil- 
icon film 3. Contact holes 12A, 12C and 12E are pro- 

40 vided on the interlayer dielectric film 1 1 in a part of each 
of the drain region 7, the source region 8 and the p-type 
diffusing region 22. An aluminum wiring 14 is electrically 
connected to the drain region 7 through the contact hole 
12A, an aluminum wiring 13 is electrically connected to 

45 the source region 8 through the contact hole 12C, and 
an aluminum wiring 28 is electrically connected to the p- 
type diffusing region 22 through the contact hole 12E. 
The aluminum wiring 13 is connected to a ground level 
33. the aluminum wiring 14 is connected to an input ter- 

50 minal 50, and the aluminum wiring 28 is connected to 
the ground level 33. The input terminal 50 may receive 
an input signal IN through a protecting resistor in the 
same manner as in Fig. 34 or may directly receive the 
input signal IN. 

55 [0092] Accordingly, the island 20 A has an NMOS tran- 
sistor Q3 formed by the gate oxide film 4, the gate elec- 
trode 5, the channel formation region 6, the drain region 
7 and the source region 8, and has a (gate overlap) 
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capacitor CA formed by a part of the gate electrode 5 
and a part of the drain region 7 which overlap each 
other on a plane with the gate oxide film 4 interposed 
therebetween and a (gate overlap) capacitor CB formed 
by a part of the gate electrode 5 and a part of the source 
region 8 which overlap each other on a plane with the 
gate oxide film 4 interposed therebetween. 
[0093] In the island 20B, a pseudo MOS transistor 
structure which is similar to a structure of the NMOS 
transistor Q3 can be obtained by the gate oxide f ilm 4d, 
the gate electrode 5d and the p-type diffusing regions 
21 to 23. A capacitor CC is formed by the gate electrode 
5d subordinated on a plane and a part of the p-type dif- 
fusing region 21 and p-type diffusing regions 22 and 23 
with the gate oxide film 4d interposed therebetween. 
The capacitor CA corresponds to the capacitor C1 
shown in Fig. 3. A composite capacity of the capacitors 
CB and CC is equivalent to a capacity of the capacitor 
C2. 

[0094] Thus, the input - output protecting circuit 
according to the first mode of the second embodiment 
forms a MOS transistor having a gate coupling structure 
on the SOI substrate. With such a structure, when the 
input signal IN is applied from the input terminal 50, an 
electric potential of a floating region is raised by the 
capacitor CA. A capacity of the capacitor CA is smaller 
than the composite capacity of the capacitors CB and 
CC. Therefore, a gate potential which is reduced more 
than a drain potential of the NMOS transistor Q3 is 
given. Accordingly, if the input signal IN has an operat- 
ing voltage (which usually ranges from the ground level 
to the power supply level and in the vicinity thereof), the 
gate potential is smaller than a threshold voltage of the 
NMOS transistor Q3 so that the NMOS transistor Q3 is 
brought into an OFF state. If the input signal IN has a 
positive high voltage, the gate potential is raised to be 
greater than the threshold voltage of the NMOS transis- 
tor Q3 so that the NMOS transistor Q3 is brought into an 
ON state. In other words, the NMOS transistor Q3 is 
brought into a forward bias connection state for the input 
signal IN. 

[0095] Thus, the input - output protecting circuit 
according to the first mode of the second embodiment 
can effectively drop a breakdown induced voltage to 
enhance an ESD resistance. 

(Structure and Operation of Second Mode) 

[0096] Fig. 6 is a sectional view showing a structure of 
an input - output protecting circuit according to a second 
mode of the second embodiment of the present inven- 
tion. As shown in Fig. 6, a thin silicon film 3 acting as a 
SOI layer is provided on a silicon substrate 1 with a bur- 
ied oxide film 2 acting as an insulation layer interposed 
therebetween. The thin silicon film 3 is divided into two 
islands 20A and 20B by an interlayer dielectric film 11. 
A structure of the island 20A is the same as in the first 
mode shown in Fig. 5. 



[0097] In the island 20B, a channel formation region 
24 into which a p-type impurity having a concentration 
of about 10 16 / cm 3 is implanted is provided, and drain 
and source regions 25 and 26 into which a p-type impu- 
5 rrty having a concentration of about 10 20 7 cm 3 is 
implanted are provided with the channel formation 
region 24 interposed therebetween. Furthermore, a 
gate electrode 5d is formed on the channel formation 
region 24 and a part of the drain and source regions 25 
w and 26 in the thin silicon film 3 of the island 20B with a 
gate oxide film 4d interposed therebetween. 
[0098] In addition, the interlayer dielectric film 11 
divides the thin silicon film 3 into the islands 20A and 
20B and is formed over the whole surface of the thin sil- 
ts icon film 3. Contact holes 12A, 12C and 12F are pro- 
vided on the interlayer dielectric film 1 1 in a part of each 
of a drain region 7, a source region 8 and the source 
region 26. An aluminum wiring 14 is electrically con- 
nected to the drain region 7 through the contact hole 
20 12A, an aluminum wiring 13 is electrically connected to 
the source region 8 through the contact hole 12C, and 
an aluminum wiring 29 is electrically connected to the 
source region 26 through the contact hole 12F. The alu- 
minum wiring 13 is connected to a ground level 33, the 
25 aluminum wiring 14 is connected to an input terminal 
50, and the aluminum wiring 29 is connected to the 
ground level 33. 

[0099] Accordingly, the island 20A has an NMOS tran- 
sistor Q3 formed by a gate oxide film 4, a gate electrode 

30 5, a channel formation region 6, the drain region 7 and 
the source region 8, and has a capacitor CA formed by 
a part of the gate electrode 5 and a part of the drain 
region 7 with the gate oxide film 4 interposed therebe- 
tween and a capacitor CB formed by a part of the gate 

35 electrode 5 and a part of the source region 8 with the 
gate oxide film 4 interposed therebetween. 
[0100] In the island 20B, a pseudo NMOS transistor 
structure which is similar to a structure of the NMOS 
transistor Q3 can be obtained by the gate oxide film 4d, 

40 the gate electrode 5d and the p-type diffusing regions 
24, 25 and 26. A capacitor CD is formed by a part of the 
gate electrode 5d and a part of the drain and source 
regions 25 and 26 with the gate oxide film 4d interposed 
therebetween. The capacitor CA corresponds to the 

45 capacitor C1 shown in Rg. 3. A composite capacity of 
the capacitors CB and CD is equivalent to a capacity of 
the capacitor C2. 

[01 01 ] The capacitor CD functions only after a voltage 
at which the channel formation region 24 is almost 

so inverted is applied to the gate electrode 5d. The channel 
formation region 24 has a concentration of about 1 0 16 / 
cm 3 . Therefore, the channel formation region 24 is 
inverted even if a comparatively low voltage is applied to 
the gate electrode 5d. 

55 [0102] Thus, the input - output protecting circuit 
according to the second mode of the second embodi- 
ment forms a MOS transistor having a gate coupling 
structure on a SOI substrate. In the same manner as in 
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the first mode, therefore, the MOS. transistor is brdugfrt 
into a reverse bias connection state rf an input signal IN 
is a normal operation signal, and it is brought into a for- 
ward bias connection state rf the input, signal IN has a 
positive high voltage. Consequently, the same effects as 5 
in the first mode can be obtained. 

(Structure.and Operation of Third Mode) 

[0103] Fig. 7 is a sectional view showing a structure of 70 
an input - output protecting circuit according to a third 
mode of the second embodiment of the present inven- 
tion. As shown in Fig. 7, a thin silicon film 3 is provided 
on a silicon substrate 1 with a buried oxide film 2 acting 
as an insulation layer interposed therebetween. The is 
thin silicon film 3 is divided into two islands 20A and 20B 
by an interlayer dielectric film 11. A structure of the 
island 20A is the same as in the first mode shownvin 

Rg.5. • y 

[0104] In. the island 20 B, p-type diffusing regions 52 20 
and 54 into which a p-type impurity having a concentra- 
tion of about 10 15 to 10 17 / cm 3 is implanted are pro- 
vided, a p-type diffusing region 51 and an n-type 
diffusing region 53 into which p- and n-type impurities 
having a concentration of about 10 20 / cm 3 are 25 
implanted are provided with the channel formation 
region 52 interposed therebetween, and the n-type dif- 
fusing region 53 and a p-type diffusing region 55 into 
which n- and p-type impurities having a concentration of 
about 1 0 20 / cm 3 are implanted are provided with the p- 30 
type diffusing region 54 interposed therebetween. 
Accordingly, the n-type diffusing region 53 is formed 
between the p-type diffusing regions 52 and 54. Fur- 
thermore, gate electrodes 16 and 17 are formed on the 
p-type diffusing regions 52 and 54 in the thin silicon film 35 
3 of the island 20B with gate oxide films 43 and 44 inter- 
posed therebetween. 

[0105] In addition, the interlayer dielectric film 11 
divides the thin silicon film 3 into the islands 20A and 
20B and is formed over the whole surface of the thin sil- <o 
icon film 3. Contact holes 12A, 12C, 12G, 12H and 121 
are provided on the interlayer dielectric film 1 1 in a part 
of each of a drain region 7, a source region 8, the p-type 
diffusing region 51, the n-type diffusing region 53 and 
the p-type diffusing region 55. An aluminum wiring 1 4 is 45 
electrically connected to the drain region 7 through the 
contact hole 12 A. an aluminum wiring 13 is electrically 
connected to the source region 8 through the contact 
hole 12C, an aluminum wiring 15A is electrically con- . 
netted to the p-type diffusing region 51 through the con- so 
tact hole 12G, an aluminum wiring 15B is electrically 
connected to the n-type diffusing region 53 through the 
contact hole 12H, and an aluminum wiring 15C is elec- 
trically connected to the p-type diffusing region 55 
through the contact hole 121. The aluminum wiring 13 is 55 
connected to a ground level 33, the aluminum wiring 14 
is connected to an input terminal 50, the aluminum wir- 
ings 15A and 15C are connected to the ground level 3% 



and the aluminum wiring 15B is connected to a gate 
electrode 5 of the island 20A. 
[01 06] . Accordingly, the island 20A has an NMOS tran- 
sistor Q3 formed by a gate oxide film 4, the gate elec- 
trode 5, a channel formation region 6. the drain region 7 
and the source region 8. and has a capacitor corre- 
sponding to a capacitor C A formed by a part of the gate 
electrode 5 and a part of the drain region 7 with the gate 
oxide film 4 interposed therebetween and a capacitor 
corresponding to a capacitor CB formed by a part of the 
gate electrode 5 and a part of the source region 8 with 
the gate oxide film 4 interposed therebetween in the 
same manner as in the first and second modes. 
[01 07] In the island 20B, a first pseudo MOS transistor 
structure which is similar to a structure of the NMOS 
transistor Q3 can be obtained by the gate oxide film 43, 
the gate electrode 16, the p-type diffusing regions 51 
and 52, and the n-type diffusing region 53, and a sec- 
ond pseudo MOS transistor structure which is similar to 
the structure of the NMOS transistor Q3 can be 
obtained by the gate oxide film 44, the gate electrode 
17, the p-type diffusing regions 54 and 55, and the n- 
type diffusing region 53. 

[01 08] A capacitor CE (not shown) which has a com- 
posite capacity obtained by junction capacities of the p- 
type diffusing region 52 and the n-type diffusing region 
53, and the n-type diffusing region 53 and the p-type dif- 
fusing region 54 is formed in the island 20B. The capac- 
itor CA corresponds to the capacitor C1 shown in Fig. 3. 
A composite capacity of the capacitors CB and CE is 
equivalent to a capacity of the capacitor C2. 
[0109] Thus, the input - output protecting circuit 
according to the third mode of the second embodiment 
forms a MOS transistor having a gate coupling structure 
on a SOI substrate. In the same manner as in the first 
and second modes, the MOS transistor is brought into a 
reverse bias connection state if an input signal IN is a 
normal operation signal, and it is brought into a forward 
bias connection state rf the input signal IN has a positive 
high voltage. Consequently, the same effects as in the 
first mode can be obtained. 

[01 10] In addition, the third mode also has the follow- 
ing effect If the gate electrode 5 of the MOS transistor 
Q3 is set in a floating state as in the first and second 
modes, an initial voltage becomes unstable. In the third 
mode, however, the capacitor CE having the junction 
capacity is used between the gate electrode 5 and the 
ground level 33. Therefore, the gate electrode 5 of the 
NMOS transistor Q3 can be fixed to the ground level 33 
having a reference potential by a small current flowing in 
a junction. In the third mode, accordingly, the gate elec- 
trode 5 of the NMOS transistor Q3 can be fixed to the 
ground level without the initial voltage becoming unsta- 
ble during normal operation, and a gate potential can 
efficiently be raised only when a surge voltage is 
applied. 
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< (Third Embodiment >> 
(Principle) 

[0111] In order to enhance an ESD resistance of a 
MOS transistor, there has been a method for dropping a 
punch through voltage more than a breakdown induced 
voltage with a structure in which punch through is easily 
caused. In the case where a MOS transistor having 
such a structure is reverse bias connected to an input 
terminal as shown in Fig. 20, the MOS transistor early 
breaks down by a punch through phenomenon when 
the punch through voltage having a surge set low at the 
time of application is reached. Consequently, the same 
discharge phenomenon as that of the forward connec- 
tion of the diode shown in Fig. 30 is caused so that the 
ESD resistance is enhanced. 
[01 1 2] However, a reduction in the punch through volt- 
age is not desirable in respect of actual operation 
because a performance characteristic of the MOS tran- 
sistor is deteriorated. A third embodiment takes the 
above-mentioned technological background into con- 
sideration. 

(Structure and Operation of First Mode) 

[01 13] Fig. 8 is a sectional view showing a MOS tran- 
sistor structure on a SOI substrate which is formed in an 
input - output protecting circuit section and an internal 
circuit section of a semiconductor device according to a 
first mode of the third embodiment of the present inven- 
tion, respectively. As shown in Fig. 8, a thin silicon film 3 
acting as a SOI layer is provided on a silicon substrate 1 
with a buried oxide film 2 acting as an insulation layer 
interposed therebetween. The thin silicon film 3 is 
divided into an input - output protecting circuit section 
45 and an internal circuit section 46 by an interlayer die- 
lectric film 1 1 or the like. In the input - output protecting 
circuit section 45, a channel formation region 6A into 
which a p-type impurity having a concentration of 10 16 / 
cm 3 is implanted is formed, and drain and source 
regions 7 and 8 into which an n-type impurity having a 
concentration of about 10 20 / cm 3 is implanted are 
formed with the channel formation region 6A interposed 
therebetween. In the internal circuit section 46, a chan- 
nel formation region 6d into which a p-type impurity hav- 
ing a concentration of about 10 17 / cm 3 is implanted is 
formed, and drain and source regions 7d and 8d into 
which an n-type impurity having a concentration of 
about 10 20 / cm 3 is implanted are provided with the 
channel formation region 6d interposed therebetween. 
[01 1 4] Furthermore, a gate electrode 5p is formed on 
the channel formation region 6A and a part of the drain 
and source regions 7 and 8 in the thin silicon film 3 of 
the input - output protecting circuit section 45 with a 
gate oxide film 4 interposed therebetween. A gate elec- 
trode 5n is formed on the channel formation region 6d 
and a part of the drain and source regions 7d and 8d in 



the thin silicon film 3 of the internal circuit section 46 
with a gate oxide film 4d interposed therebetween. The 
gate electrode 5p is formed by using p-type polysilicon. 
The gate electrode 5n is formed by using n-type polysil- 
s icon. 

[0115] In addition, the interlayer dielectric film 11 
divides the thin silicon film 3 into the input - output pro- 
tecting circuit section 45 and the internal circuit section 
46. and is formed over the whole surface of the thin sili- 

10 con film 3. Contact holes 1 2 A, 1 2Ad, 1 2B and 1 2Bd are 
provided on the interlayer dielectric film 1 1 in a part of 
each of the drain regions 7 and 7d and the source 
regions 8 and 8d, respectively. Aluminum wirings 14 
and 14d arei electrically connected to the drain regions 

15 7 and 7d through the contact holes 12A and 12Ad, 
respectively. Aluminum wirings 13 and 13d are electri- 
cally connected to the source regions 8 and 8d through 
the contact holes 12B and 1 2Bd, respectively. 
[01 1 6] Accordingly, the input - output protecting circuit 

20 section 45 has an NMOS transistor (an NMOS transis- 
tor for input - output protection) formed by the gate oxide 
film 4, the gate electrode 5p, the channel formation 
region 6A, the drain region 7 and the source region 8, 
and the internal circuit section 46 has an NMOS transis- 

25 tor (an NMOS transistor for an internal circuit) formed by 
the gate oxide film 4d, the gate electrode 5n, the chan- 
nel formation region 6d, the drain region 7d and the 
source region 8d. 

[01 1 7] The channel formation region 6A has an impu- 
30 rity concentration which is set lower than that of the 
channel formation region 6d. Therefore, a punch 
through voltage is dropped. On the other hand, if an 
impurity concentration of the channel formation region 
6A is low, a threshold voltage is dropped. In order to 
35 compensate for the drop in the threshold voltage, p-type 
polysilicon having the property that a threshold is higher 
than that of n-type polysilicon is used for the gate elec- 
trode 5p. By regulating the impurity concentration of the 
channel formation region 6A and that of the gate elec- 
40 trode 5n, a threshold voltage which is almost equal to 
that of the NMOS transistor formed in the internal circuit 
section 46 can be set. 

[0118] Thus, the NMOS transistor formed in the input 
- output protecting circuit section 45 according to the 

45 first mode of the third embodiment drops the punch 
through voltage while keeping the threshold voltage 
which is almost equal to that of the NMOS transistor 
formed in the internal circuit section 46. Therefore, it is 
possible to obtain an input - output protecting circuit 

so having a high ESD resistance. The NMOS transistor 
formed in the internal circuit section 46 does not drop 
the punch through voltage. Therefore, a performance 
characteristic is not deteriorated due to a drop in the 
punch through voltage. 

55 

(Structure and Operation of Second Mode) 

[01 1 9] Fig. 9 is a sectional view showing a MOS tran- 



14 



27 



EP 0 923 132 A1 



28 



sistor structure on a SOI substrate which is formed in an 
input - output protecting circuit section and an internal 
circuit section of a semiconductor device according to a 
second mode of the third embodiment of the present 
invention. As shown in Fig. 9, a thin silicon film 3 acting 
as a SOI layer is provided on a silicon substrate 1 with a 
buried oxide film 2 acting as an insulation layer inter- 
posed therebetween. The thin silicon film 3 is divided 
into an input - output protecting circuit section 45 and an 
internal circuit section 46 by an intertayer dielectric film 
1 1 or the like. In the input - output protecting circuit sec- 
tion 45, a channel formation region 6n into which an n- 
type impurity having a concentration of about 10 17 / cm 3 
is implanted is formed, and drain and source regions 7 
and 8 into which an n-type impurity having a concentra- 
tion of about 10 20 / cm 3 is implanted are formed with the 
channel formation region 6n interposed therebetween. 
[01 20] Furthermore, a gate electrode 5p comprising p- 
type polysilicon is formed on the channel formation 
region 6n and a part of the drain and source regions 7 
and 8 in the thin silicon film 3 of the input - output pro- 
tecting circuit section 45 with a gate oxide film 4 inter- 
posed therebetween. The other structures are the same 
as in the first mode shown in Fig. 8. 
[01 21 ] Accordingly, the input - output protecting circuit 
section 45 has an NMOS transistor formed by the gate 
oxide film 4, the gate electrode 5p, the channel forma- 
tion region 6n, the drain region 7 and the source region 
8, and the internal circuit section 46 has an NMOS tran- 
sistor formed by the gate oxide film 4d, a gate electrode 
5n, a channel formation region 6d, a drain region 7d and 
a source region 8d. 

[0122] The channel formation region 6n of the NMOS 
transistor formed in the input - output protecting circuit 
section 45 is formed in accumulation mode of the same 
conductivity type as that of each of the drain and source 
regions 7 and 8. Therefore, the punch through voltage is 
dropped. On the other hand, the threshold voltage is 
dropped in the accumulation mode. Therefore, p-type 
polysilicon having the property that a threshold is higher 
than that of n-type polysilicon is used for the gate elec- 
trode 5n to compensate for the drop in the threshold 
vottage in the same manner as in the first mode. Conse- 
quently, a threshold voltage which is almost equal to 
that of the NMOS transistor formed in the internal circuit 
section 46 is set. Accordingly, in the case where the 
NMOS transistor of the input - output protecting circuit 
section 45 is reverse bias connected, it can be pre- 
vented from being turned on in error even if a gate 
potential thereof is more or less raised. 
[01 23] Thus, the NMOS transistor formed in the input 
- output protecting circuit section 45 according to the 
second mode of the third embodiment drops the punch 
through voltage while keeping the threshold voltage 
which is almost equal to that of the NMOS transistor 
formed in the internal circuit section 46. Therefore, it is 
possible to obtain an input - output protecting circuit 
having a high ESD resistance. The NMOS transistor 



formed in the internal circuit section 46 does not drop 
the punch through voltage. Therefore, a performance 
characteristic is not deteriorated due to a drop in the 
punch through voltage. 

5 

(Others) 

[01 24] While the first and second modes of the third 
embodiment have described the NMOS transistor as an 

io example, it is needless to say that the present invention 
can also be applied to a PMOS transistor by reversing a 
conductivity type of each component 
[0125] in the first and second modes, the gate elec- 
trode 5p of the NMOS transistor of the input - output 

is protecting circuit section 45 has a conductivity type of p. 
Even if the gate electrode 5p has a conductivity type of 
n in the same manner as in the gate electrode 5n of the 
NMOS transistor of the internal circuit section 46, the 
threshold voltage is dropped but an ESD resistance can 

20 be enhanced due to a drop in the punch through volt- 
age. 

[01 26] By using the MOS transistor having the struc- 
ture according to the first or second mode of the third 
embodiment as the NMOS transistors Q11 and Q12 
25 and the PMOS transistors Q21 and Q22 according to 
the first embodiment shown in Fig. 1 or 2. the ESD 
resistance can be enhanced still more. 

< (Fourth Embodiment) ) 

30 

(Principle) 

[01 27] In the case where a diode should be formed on 
a SOI substrate together with a MOS transistor, a proc- 
35 ess of manufacturing a MOS transistor is generally uti- 
lized to form gate oxide films 4 and 4d and gate 
electrodes 5 and 5d in upper portions as shown in Fig. 
36, 

[01 28] However, the gate oxide films 4 and 4d are eas- 
40 ily caused to break down. Existence of the gate oxide 
films 4 and 4d causes a deterioration in an ESD resist- 
ance. In a fourth embodiment, an input - output protect- 
ing circuit is formed by using a diode having neither the 
gate oxide film nor the gate electrode provided on the 
45 SOI substrate. 

(Structure and Operation ) 

[0129] Figs. 10 and 11 are sectional and plan views 
so showing a structure of an input - output protecting circuit 
used for a semiconductor device according to the fourth 
embodiment of the present invention. Fig. 10 shows a 
section taken along the line B - B in Fig. 11. Diodes 
shown in Figs. 10 and 1 1 correspond to the diodes 38 
55 and 39 in Fig. 32 and the diodes D1 1 and D12 in Fig. 2, 
for example. 

[01 30] As shown in Figs. 10 and 1 1 , a thin silicon film 
3 is provided on a silicon substrate 1 with a buried oxide 
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film 2 acting as an insulation layer interposed therebe- 
tween. The thin silicon film 3 is divided into two islands 
19A and 19B by an interlayer dielectric film 11. An 
anode region 9B into which a p-type impurity having a 
concentration of about 10 17 / cm 3 is implanted and a 
cathode region 10B into which an n-type impurity having 
a concentration of about 10 17 / cm 3 is implanted are 
provided, respectively. An anode region 9A and a cath- 
ode region 10A are provided with the anode region 9B 
interposed therebetween, and an anode region 9C and 
a cathode region 10C are provided with the cathode 
region 10B interposed therebetween. A p-type impurity 
having a concentration of about 10 20 / cm 3 is implanted 
into the anode regions 9A and 9C. An n-type impurity 
having a concentration of about 10 20 / cm 3 is implanted 
into the cathode regions 10A and 10C. Accordingly, a 
diode 39 is formed by the anode regions 9A and 9B and 
the cathode region 1 0A, and a diode 38 is formed by the 
anode region 9G and the cathode regions 10B and 10C. 
[0131] Silicide regions 27A to 27D are selectively 
formed on surfaces of the cathode region 10A, the 
anode region 9C, the anode region 9A and the cathode 
region 10C, respectively. 

[01 32] The silicide regions 27 A to 27D may be formed 
in self-alignment in openings which are provided on a 
part of the anode regions 9A and 9C and the cathode 
regions 10A and 10G after the anode regions 9A to 9C 
and the cathode regions 1 0A to 1 0C are formed and an 
insulation film is then deposited. No silicide region may 
be formed by covering the whole surface of an input - 
output protecting circuit section 45 with an insulation 
film during formation of silicide of an internal circuit sec- 
tion 46. After contact holes 12A to 12D are provided at 
a step of forming contact holes, a silicide region may 
selectively be formed on the surfaces of the cathode 
region 10A, the anode region 9C, the anode region 9A 
and the cathode region 10C through the contact holes 
12Ato12D. 

[0133] In addition, the interlayer dielectric film 11 
divides the thin silicon film 3 into the islands 19A and 
19B and is formed over the whole surface of the thin sil- 
icon film 3. The contact holes 12A to 12D are provided 
on the interlayer dielectric film 1 1 in a part of the silicide 
regions 27A to 27D, respectively. An aluminum wiring 
14 is electrically connected to the silicide regions 27A 
and 27B through the contact holes 1 2A and 12B, an alu- 
minum wiring 13 is electrically connected to the silicide 
region 27C through the contact hole 1 2C, and an alumi- 
num wiring 15 is electrically connected to the silicide 
region 27D through the contact hole 1 2D. The aluminum 
wiring 13 is connected to a ground level 33, the alumi- 
num wiring 14 is connected to an input terminal 50, and 
the aluminum wiring 15 is connected to a power supply 
32. The input terminal 50 may be connected to the other 
end of the protecting resistor 36 shown in Fig. 32 or may 
directly receive an input signal IN. In Fig. 1 1, the inter- 
layer dielectric film 11 is not shown. 
[0134] in the input - output protecting circuit having 



such a structure according to the fourth embodiment, a 
junction between the anode region 9B and the cathode 
region 1 0A of the diode 39 breaks down due to applica- 
tion of a positive surge voltage and the surge voltage is 

5 discharged into the ground level 33 in the same manner 
as in the input - output protecting circuit according to the 
prior art shown in Figs. 32 and 36. At the same time, the 
diode 38 is forward biased so that the surge voltage is 
discharged into the power supply 32. If a negative high 

10 voltage is applied as the surge voltage, a junction 
between the anode region 9C and the cathode region 
10B of the diode 38 breaks down so that the surge volt- 
age is discharged into the power supply 32. At the same 
time, the diode 39 is forward biased so that the surge 

15 voltage is discharged into the ground level 33. 

[01 35] In the diode used for the input - output protect- 
ing circuit according to the fourth embodiment, a gate 
oxide film which causes a deterioration in the ESD 
resistance is not formed in an upper portion. Conse- 

20 quently, it is possible to obtain the ESD resistance which 
is better than in the case where a diode having a con- 
ventional structure shown in Fig. 36 is used. 
[0136] In addition, a contact resistance can be 
reduced by connecting the anode regions 9A and 9C 

25 and the cathode regions 10A and 10C to the aluminum 
wirings 13 to 15 by means of the silicide regions 27 A to 
27D. 

(Others) 

30 

[0137] Furthermore, the ESD resistance can be 
enhanced still more by using the MOS transistor having 
the structure according to the fourth embodiment as the 
diodes D11 and D12 according to the second mode of 
35 the first embodiment shown in Fig. 2. 

((Fifth Embodiment)) 

(Principle) 

40 

[01 38] In the case where a MOS transistor formed on 
a SOI substrate (including a capacitor and a diode 
including a gate electrode in an upper portion) has a 
planar structure in which a gate electrode 5 protrudes 

45 from an active region 47 (having a drain region 7 and a 
source region 8 therein) of a thin silicon film 3 as shown 
in a plan view of Fig. 12, the gate electrode 5 is formed 
to cover an end of the active region 47 (thin silicon film 
3) provided like an island on an insulation layer 2 in Fig. 

so 13 showing a C - C section of Fig. 12. 

[0139] The end of the active region 47 has poor quality 
of crystals by etching damage caused during patterning 
of the active region 47. For this reason, quality of a gate 
oxide film 4 formed in a region in the vicinity of the end 

55 of the active region 47 is originally poor. Therefore, 
when the gate electrode 5 is formed to cover the end of 
the active region 47, a greater stress is generated on 
the end of the active region 47. Consequently, the qual- 
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ity of the gate oxide film 4 on the end of the active region 
47 is further deteriorated. As a result the ESD resist- 
ance is degraded. 

[0140] In a f ifth embodiment, an input - output protect- 
ing circuit is formed by using a MOS transistor including, 5 
on a SOI substrate, a gate electrode having a planar 
structure in which the gate electrode does not protrude 
from an active region of a thin silicon film 3. 

(First Mode) * w 

[0141] Fig. 14 is a plan view showing a planar struc- 
ture of a MOS transistor used for an input - output pro- 
tecting circuit of a semiconductor device according to a 
first mode of the fifth embodiment of the present inven- 15 
tion. As shown in Fig. 14, a gate electrode 5 is formed 
like a "8" shape having two openings therein. A drain 
region 7 and a source region 8 are formed in the two 
openings. An aluminum wiring 14 is electrically con- 
nected to the drain region 7 through a contact hole 1 2A, 20 
an aluminum wiring 13 is electrically connected to the 
source region 8 through a contact hole 1 2C, and an alu- 
minum wiring 58 is electrically connected to the gate 
electrode 5 through a contact hole 68. The planar struc- 
ture shown in Fig. 1 4 can be applied to the NMOS tran- 25 
sistor formed on the island 20 A in the first mode of the 
second embodiment shown in Fig. 5, for example. 
[0142] According to the first mode of the fifth embodi- 
ment, thus, the gate electrode 5 is formed in an aictive 
region 47 on a plane. Therefore, the gate electrode 5 is 30 
not formed on an end of the active region 47 so that an 
ESD resistance can correspondingly be enhanced. 

(Second Mode) 

35 

[0143] Fig. 15 is a plan view showing a planar struc- 
ture of a MOS transistor used for an input - output pro- 
tecting circuit of a semiconductor device according to a 
second mode of the fifth embodiment of the present 
invention. As shown in Rg. 15. a gate electrode 17 is <o 
formed like a "8" shape having two openings therein. An 
n-type diffusing region 53 and a p-type diffusing region 
55 are formed in the two openings. An aluminum wiring 
15B is electrically connected to the n-type diffusing 
region 53 through a contact hole 12H. and an aluminum as 
wiring 15C is electrically connected to the p-type diffus- 
ing region 55 through a contact hole 121: The planar 
structure shown in Fig. 15 can be applied to a capacitor 
having a gate coupling structure in which the gate elec- 
trode 1 7 formed on the island 20B in the third mode of so 
the second embodiment shown in Fig. 7 is set in a float- 
ing state, for example. < 
[0144] According to the second mode of the fifth 
embodiment, thus, the gate electrode 1 7 is formedin an - 
active region 47 on a plane. Therefore, the gate elec- 55 
trode 1 7 is not formed on an end of the active region 47 
so that an ESD resistance can correspondingly be 
enhanced. V 
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(Third Mode) 

[0145] Fig. 16 is a plan view showing a planar struc- 
ture of a MOS transistor used for an input - output pro- 
tecting circuit of a semiconductor device according to a 
third mode of the f ifth embodiment of the present inven- 
tion. As shown in Fig. 16. a gate electrode 5 is formed 
like a "O" shape enclosing one opening therein. A drain 
region 7 is formed in the opening and a source region 8 
is formed in an active region 47 on the outside of the 
gate electrode 5. An aluminum wiring 14 is electrically 
connected to the drain region 7 through a contact hole 
12A, an aluminum wiring 13 is electrically connected to 
the source region 8 through a contact hole 12C. and an 
aluminum wiring 58 is electrically connected to the gate 
electrode 5 through a contact hole 68. The planar struc- 
ture shown in Fig. 16 can be applied to the NMOS tran- 
sistor formed on the island 20A in the first mode of the 
second embodiment shown in Fig. 5. for example. 
[0146]. According to the third mode of the fifth embod- 
iment, thus, the gate electrode 5 is formed in the active 
region 47 on a plane. Therefore, the gate electrode 5 is 
not formed on an end of the active region 47 so that an 
ESD resistance can correspondingly be enhanced. 

(Fourth Mode) 

[0147] Fig. 17 is a plan view showing a planar struc- 
ture of a MOS transistor used for an input - output pro- 
tecting circuit of a semiconductor device according to a 
fourth mode of the fifth embodiment of the present 
invention. As shown in Fig. 17, a gate electrode 17 is 
formed like a "0 N shape enclosing one opening therein. 
A p-type diffusing region 55 is formed in the opening 
and an n-type diffusing region 53 is formed in an active 
region 47 on the outside of the gate electrode 17. An 
aluminum wiring 15B is electrically connected to the n- 
type diffusing region 53 through a contact hole 1 2H. and 
an aluminum wiring 150 is electrically connected to the 
p-type diffusing region 55 through a contact hole 121. 
The planar structure shown in Fig. 17 can be applied to 
a capacitor in which the gate electrode 17 formed on the 
island 20B in the third mode of the second embodiment 
shown in Rg. 7 is set in a floating state, for example. 
[0148] According to the fourth mode of the fifth 
embodiment, thus, the gate electrode 17 is formed in 
the active region 47 on a plane. Therefore, the gate 
electrode 1 7 is not formed on an end of the active region 
47 so that an ESD resistance can correspondingly be 
enhanced. 

(Others) 

[0149] By using the MOS transistor having the struc- 
ture according to the first or third mode of the fifth 
embodiment as the NMOS transistors Q11 and Q12 
and the PMOS transistors Q21 and Q22 according to 
the first embodiment shown in Rg. 1 or 2, the ESD 
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resistance can be enhanced still more. 
(Supplement)) 

[0150] While the NMOS transistor has mainly been s 
described in the structures according to the second to 
fifth embodiments, it is needless to say that the present 
invention can be applied to a PMOS transistor by 
reversing a conductivity type. While the structure in 
which a PMOS transistor is provided on a power supply w 
32 side and an NMOS transistor is provided on a ground 
level 33 side has principally been described, a structure 
in which a MOS transistor for input - output protection is 
provided oh one of the power supply 32 and the ground 
level 33 can also have the same effects. Also in the case is 
where a MOS transistor is diode connected, the NMOS 
transistor is provided on the power supply 32 side and 2. 
the PMOS transistor is provided on the ground level 33 
side, the same effects can be obtained. 
[01 51 ] It is needless to say that the same effects as in 20 
the above-mentioned embodiments are at least 
obtained even if various kinds of MOS transistors and 
diodes are combined and connected to form a compli- 
cated input - output protecting circuit. 
[0152] While the invention has been described in 25 
detail, the foregoing description is in all aspects illustra- 
tive and not restrictive. It is understood that numerous 
other modifications and variations can be devised with- 
out departing from the scope of the invention. 
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Claims 

1. A semiconductor device having an input - output 
protecting circuit section corresponding to a signal 
node (81 ) connected to a signal terminal <30). and 35 
an internal circuit (31 ) connected to said signal 
node, which are formed on a SOI substrate <1 to 3 ), 3. 
comprising: 

a power supply node (32) connected to a sup- 40 
ply potential; arid 

a reference potential node (33 ) connected to a 
reference potential, 4. 
said input - output protecting circuit section 
including: ^ 

first and second discharge elements being 
provided between said power supply node 
and said signal node and having PN junc- 
tions and being reversely biased when a so 
normal operation signal is applied to said 
signal terminal, said first discharge ele- 5. 
ment (Q11 ) being forward biased when a 
surge voltage having a first polarity is 
applied to said signal terminal, said sec- 55 
ond discharge element (Q21, D12) being 
forward biased when a surge voltage hav- 
ing a second polarity is applied to said sig- 



nal terminal; and 

third and fourth discharge elements being 
provided between said signal node and 
said reference potential node and having 
PN junctions and being reversely biased 
when said normal operation signal is 
applied to said signal terminal, respec- 
tively, said third discharge element (Q12, 
D11) being forward biased when said 
surge voltage having the first polarity is 
applied to said signal terminal, said fourth 
discharge element (Q22) being forward 
biased when said surge voltage having the 
second polarity is applied to said signal 
terminal. 

The semiconductor device according to Claim 1, 
wherein said first and third discharge elements 
include first and third MOS transistors (Q11, Q12) 
of a first conductivity type, said Second and fourth 
discharge elements Include second and fourth 
MOS transistors (Q21 ,022 > of a second conductiv- 
ity type, said first and third MOS transistors have 
control electrodes connected to said reference 
potential node respectively, and said second and 
fourth MOS transistors have control electrodes con- 
nected to said power supply node respectively, or 
said first discharge element includes a MOS tran- 
sistor (Q11 ) of a first conductivity type and has a 
control electrode connected to said reference 
potential node, said second and third discharge ele- 
ments include diodes (D12, D11 ), and said fourth 
discharge element includes a MOS transistor (022 ) 
of a second conductivity type and has a control 
electrode connected to said power supply node. 

The semiconductor device according to Claim 2 
wherein said supply potential is higher than said 
reference potential, said first conductivity type is N, 
said second conductivity type is P, said first polarity 
is negative, and said second polarity is positive. 

The semiconductor device according to one of 
Claims 1 to 3, further comprising: 

a first internal resistor (36) inserted between 
said signal terminal and said signal node; and 
a second internal resistor (37) inserted 
between said signal node and said internal cir- 
cuit. 

A semiconductor device having an input - output 
protecting circuit section corresponding to a signal 
node connected to a signal terminal (50), and an 
internal circuit (31 ) connected to said signal node, 
which are formed on a SOI substrate (1 to 3 ), com- 
prising: 
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a power supply node <32> connected to a sup- 
ply potential; and 

a reference potential node (33) connected to a 
reference potential, 

said input - output protecting circuit section s 
including: 

a MOS transistor (Q3 ) of a predetermined 
conductivity type having a first electrode 
regions (7 > connected to said signal termi- w 
nal and a second electrode region (8) 
connected to a potential fixing node which 
is one of said power supply node and said 
reference potential node; 
a first capacitor <C1) inserted between is 
said signal terminal and a gate electrode 
(5 > of said MOS transistor; 
a second capacitor <C2) inserted between 
said potential fixing node and said gate 
electrode of said MOS transistor; and 20 
a pseudo MOS transistor section which 
has, as component sections, a pseudo 
gate electrode (5*. 16, 17), a pseudo gate 
insulation film (4*). and first second and 
third diffusing regions (21 to 23, 25, 26, 51 2s 
to 55) corresponding to said gate elec- 
trode (5) of said MOS transistor, a gate 
insulation film (4), a channel formation 
region (6), said first electrode region (7) 
and said second electrode region (8) so 
respectively, and does not function as a 
transistor, 

wherein said first capacitor includes a 
capacitor formed by a part of said gate 
electrode of said MOS transistor and a part 35 
of said first electrode region with said gate 
insulation film (4) interposed therebe- 
tween, 

wherein said second capacitor includes a 
capacitor in which said pseudo MOS tran- aq 
sistor section is formed by using a part of 
said component sections, and 

wherein a capacity value of said second 
capacitor is set greater than that of said first as 
capacitor in such a manner that said MOS tran- 
sistor is reversely biased when said normal 
operation signal is applied to said signal termi- 
nal, and is forward biased when a surge volt- 
age having a first or second polarity is applied so 
to said signal terminal. 

The semiconductor device according to Claim 5 
wherein said first and second diffusing regions (21 , 
22) have the same conductivity type, said second ss 
diffusing region is connected to said potential fixing 
node, and said pseudo gate electrode (5'> is con- 
nected to said gate electrode of said MOS transis- 



tor in sad pseudo MOS transistor section, and 

wherein said second capacitor includes a 
capacitor formed by said pseudo gate electrode 
and said first diffusing region with said pseudo gate 
insulation film interposed therebetween, or 
said first diffusing region (21 ) has a conductivity 
type which is different from that of said second dif- 
fusing region (25). said second and third diffusing 
regions (25, 26) have the same conductivity type, 
said third diffusing region is connected to said 
potential fixing node, and said pseudo gate elec- 
trode iS) is connected to said gate electrode of 
said MOS transistor in said pseudo MOS transistor 
section, and 

wherein said second capacitor includes a 
capacitor formed by said pseudo gate electrode 
and said first diffusing region with said pseudo gate 
insulation film interposed therebetween, or 
said first diffusing region (54) has a conductivity 
type which is different from that of said second dif- 
fusing region (53), said first and third diffusing 
regions (54, 55) have the same conductivity type, 
said third diffusing region is connected to said 
potential fixing node, and said second diffusing 
region is connected to said gate electrode of said 
MOS transistor in said pseudo MOS transistor sec- 
tion, and 

wherein said second capacitor includes a 
capacitor formed by a PN junction of said first dif- 
fusing region and said second diffusing region. 

7. A semiconductor device comprising an input - out- 
put protecting circuit section (45), corresponding to 
a signal node connected to a signal terminal, 
formed by using a MOS transistor for input-output 
protection and an internal circuit section (46) 
formed by using a MOS transistor for an internal cir- 
cuit for serving to perform a predetermined signal 
processing on an inside, which are formed on a SOI 
substrate (1 to 3), 

wherein said MOS transistor for input - out- 
put protection has a structure in which punch 
through is caused more easily than in said MOS 
transistor for an internal circuit 

8. The semiconductor device according to Claim 7 
wherein an impurity concentration of a channel for- 
mation region (6A) of said MOS transistor for input 
- output protection is set lower than that of a chan- 
nel formation region (6*) of said MOS transistor for 
an internal circuit, and /or 

a conductivity type of a channel formation region 
(6n ) of said MOS transistor for input - output protec- 
tion is set identical to that of each of a drain region 
(7) and a source region (8) thereof, and a conduc- 
tivity type of a channel formation region (6') of said 
MOS transistor for an internal circuit is set different 
from that of each of a drain region (7*) and a source 
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region <8'> thereof. 

9. The semiconductor device according to Claim 7 or 
8, wherein said MOS transistor for input - output 
protection and said MOS transistor for an internal 
circuit have the same conductivity type, and a con- 
ductivity type of a gate electrode (5|>) of said MOS 
transistor for input - output protection is made differ- 
ent from that of a gate electrode (5n> of said MOS 
transistor for an internal circuit to set a threshold 
voltage of said MOS transistor for input - output pro- 
tection almost equal to that of said MOS transistor 
for an internal circuit. 

10. A semiconductor device comprising an input - out- 
put protecting circuit section formed on a SOI sub- 
strate (1 to 3) and having first and second diodes 
connected to a signal terminal (30), 

said input - output protecting circuit section 
including: 

a first semiconductor region OA, 9B) of a first 
conductivity type; 

a second semiconductor region (1 OA) of a sec- 
ond conductivity type formed adjacently to said 
first semiconductor region; 
a third semiconductor region <9C) of the first 
conductivity type formed independent of said 
first and second semiconductor regions; 
a fourth semiconductor region (10B, 10C) of 
the second conductivity type formed adjacently 
to said third semiconductor region; 
first to fourth silicide regions (27C, 17A, 27B, 
27D) which are. selectively formed on surfaces 
of said first to fourth semiconductor regions, 
respectively; 

an interlayer dielectric film (1 1 ) formed by cov- 
ering said first to fourth semiconductor regions 
including said first to fourth silicide regions; 
a first wiring layer (13) connected to a refer- 
ence potential (33 ) and formed on said first sil- 
icide region through said interlayer dielectric 
film; 

a second wiring layer (14) connected to said 
signal terminal and formed on said second and 
third silicide regions through said interlayer die- 
lectric film; and 

a third wiring layer (15) connected to a power 
supply (32) and formed on said fourth silicide 
region through said interlayer dielectric film, 

wherein said first diode is formed by said first 
and second semiconductor regions, and said sec- 
ond diode is formed by said third and fourth semi- 
conductor regions. 

11. A semiconductor device comprising an input - out- 
put protecting circuit section having a MOS transis- 



tor for input - output protection formed on an active 
region (47) provided like an island on a SOI sub- 
strate (1 to 3). 

wherein a gate electrode (5) of said MOS 
5 transistor for input - output protection is formed 
within said active region on a plane. 
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